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Description

FIELD OF THE DISCLOSURE

[0001] The present disclosure pertains to implantable
medical electrical leads, and more particularly to con-
structions of, and manufacturing methods for lead con-
nectors that are configured to mate with connector re-
ceptacles of implantable medical devices.

BACKGROUND

[0002] Implantable medical systems, for example,
those providing electrical stimulation for cardiac or neu-
rological therapy, often include a pulse generator device
and an elongate medical electrical lead that extends from
the device to a stimulation site in a body of a patient.
Numerous configurations of implantable medical electri-
cal lead connectors have been disclosed over the years,
many of which are directed toward compliance with in-
ternational industry standards; these standards specify
essential dimensions and performance requirements to
assure compatibility of connection between pulse gen-
erator device connector receptacles and lead connectors
among a variety of manufacturers. One such standard
dictates the form for a four-pole in-line connector of car-
diac pacing and defibrillation leads and is commonly
known as the IS-4, or in some cases, the DF-4 standard.
[0003] Figure 1 is a schematic with a corresponding
chart that describes various configurations of an exem-
plary implantable medical electrical lead 100. Lead 100
includes a connector 120 in conformance with the afore-
mentioned IS-4 standard. Figure 1 illustrates connector
120 including a terminal connector pin 110, three contact
surfaces cs1, cs2, cs3, and four sealing surfaces ss1,
ss2, ss3, and ss4, wherein, according to the IS-4 stand-
ard, pin 110 and first contact surface cs1 are low voltage
contacts, and second and third contact surfaces cs2, cs3
are high voltage contacts. The IS-4 standard also re-
quires a specific configuration of terminal connector pin
110 and a uniform outer diameter D of connector 120.
Those skilled in the art understand that pin 110 and con-
tact surfaces cs1-cs3 are configured to mate with device
contacts mounted within a connector receptacle of the
device, and sealing surfaces ss1-ss4 are configured to
mate with sealing rings, which are interspersed between
the contacts within the device connector receptacle, so
that an electrical coupling is made between each device
contact and the corresponding pin/contact surface, within
the receptacle, and these couplings are electrically iso-
lated from one another by the sealing rings.
[0004] Figure 1 further illustrates lead 100 including an
elongate body 130, which extends distally from connector
120 to a low voltage distal-most electrode de, two types
of which are shown: one for what is known as a passive
fixation lead (designated ’P’), and the other for what is
known as an active fixation lead (designated ’A’). Al-
though not shown, those skilled in the art understand that

lead body 130 includes an elongate conductor extending
therein, which couples distal-most electrode de, of either
type of lead 100, to terminal connector pin 110, wherein,
if lead 100 is the active fixation type A, rotation of pin 110
may be translated, via the conductor, to electrode de,
which is shown formed as a helix for fixation in tissue at
a target implant site. If lead 100 is the passive fixation
type P, electrode de may be held at the target implant
site via tines 135. Each type of lead 100 may further in-
clude one or more of electrodes e1, e2, e3, for example,
mounted around lead body 130, wherein body 130 further
includes a corresponding one or more elongate conduc-
tors (not shown), for example, to couple electrode e1 to
contact surface cs1, to couple electrode e2 to contact
surface cs2, and to couple electrode e3 to contact surface
cs3. It should be noted that lead body 130 further includes
insulative tubing that isolates the elongate conductors
from one another. Various suitable configurations and
constructions for each of electrodes de, e1-e3 are well
known to those skilled in the art.
[0005] Either type of lead 100 may be configured ac-
cording to any of the four exemplary configurations out-
lined in the chart of Figure 1. In the first configuration,
lead 100 includes just electrodes de and e1, wherein e1
is employed for pacing and sensing, in combination with
electrode de, and for defibrillation, in which case elec-
trode e1 is coupled to both first and second contact sur-
faces cs1, cs2 of connector 120. Alternately, electrode
e1 may only function as a low voltage electrode being
coupled to only first contact surface cs1. In the second
configuration, lead 100 includes electrodes de, e1, and
e3, wherein electrodes de and e1 function the same as
in the first configuration, and electrode e3 is also em-
ployed for defibrillation, being coupled to contact surface
cs3. In the third configuration, lead 100 includes elec-
trodes de, e1, and e2, but electrode e1 is only employed
for pacing and sensing, so is not coupled to contact sur-
face cs2, instead electrode e2 is coupled to contact sur-
face cs2. In the fourth configuration, lead 100 includes
all of the illustrated electrodes de, e1-e3, wherein e1 is
solely employed for pacing and sensing, and electrodes
e2 and e3 are solely employed for defibrillation.
[0006] Although only the fourth configuration employs
all of electrodes e1-e3, the aforementioned IS-4 industry
standard requires the presence of all contact surfaces
cs1-cs3 and all sealing surfaces ss1-ss4 for the other
configurations, even though one or both of contact sur-
faces cs2 and cs3 may be inactive, to preserve the stand-
ard form of connector 120. Furthermore, it should be not-
ed that the IS-4 industry standard also applies to low
voltage only lead connectors, which have the same form
as connector 120, but contact surfaces cs2 and cs3 are
designated for low voltage electrodes, and/or other types
of sensors. Thus, modular assemblies for lead connector
120 are desirable, to increase the flexibility in manufac-
turing a variety of implantable medical electrical lead con-
figurations. Even though some constructions of lead con-
nectors that incorporate modular assemblies, are known
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in the art, there is still a need for new constructions and
manufacturing methods.
[0007] US2011/159748 teaches a connector assem-
bly for an implantable medical lead, having the features
of the preamble of claim 1.

SUMMARY

[0008] The invention is defined by the connector as-
sembly of independent claim 1. Preferred embodiments
are defined by the dependent claims. Connector assem-
blies for implantable medical electrical leads, according
to embodiments described herein, conform to one or
more requirements, for example, of an industry standard.
According to some embodiments, modular connector as-
semblies allow the construction thereof, for a given type
of lead, active or passive, independent of a particular
lead configuration, for example, to be compatible with
any configuration from the group of configurations de-
scribed above.
[0009] A connector assembly for an implantable med-
ical electrical lead, according to some embodiments, in-
cludes a plurality of contact rings, and a bulk of insulation
supporting the contact rings and isolating the contact
rings from one another, wherein the bulk of insulation,
preferably formed in two parts, for example, by injection
molding, includes a plurality of sealing surfaces, and a
shank that defines a distal end of the bulk of insulation.
The assembly further includes one or more conductor
pins extending within the bulk of insulation, wherein a
distal end of each conductor pin protrudes distally from
the bulk of insulation to be exposed alongside the shank
thereof, and wherein an inner surface of each contact
ring may have a proximal end of a corresponding con-
ductor pin coupled thereto. A first sealing surface of the
plurality extends from a proximal end of the bulk of insu-
lation to a first, most proximal, ring of the plurality of con-
tact rings, and the plurality of sealing surfaces, in con-
junction with outer contact surfaces of the plurality of con-
tact rings, which are interspersed therebetween, define
a uniform outer diameter for the connector assembly,
wherein the uniform outer diameter conforms to a re-
quirement for the connector to mate with a connector
receptacle of an implantable medical device. According
to some preferred embodiments, the shank of the bulk
of insulation has an asymmetric profile, for example, for
a keyed fit within a lumen of a transition fitting that in-
cludes peripheral grooves to support the distal ends of
the one or more conductor pins, which, if more than one
in number, are preferably spaced apart from one another
and spaced approximately equidistant from the central
longitudinal axis of the assembly.
[0010] As alluded to above, and according to some pre-
ferred methods, the bulk of insulation is formed in two
parts: a primary bulk of insulation overlaid by a secondary
bulk of insulation. According to some embodiments, a
subassembly includes the primary bulk of insulation,
which includes a circuit-support segment and a shank

segment extending distally from a distal end of the circuit-
support segment. The circuit-support segment includes
a plurality of open channels, each of which is configured
to receive a corresponding one of the aforementioned
conductor pins, each of which conductor pin forms a cir-
cuit with a corresponding one of the aforementioned con-
tact rings; and wherein, when each contact ring is posi-
tioned around the circuit-support segment so that the cor-
responding conductor pin extends within the correspond-
ing channel, a distal end of each pin is exposed alongside
the shank segment of the primary bulk of insulation. The
secondary bulk of insulation, which includes the afore-
mentioned sealing surfaces, is injection molded around
the primary bulk of insulation, after positioning each of
the contact rings around the circuit-support segment of
the primary bulk, and inserting each conductor pin within
the corresponding open channel. The subassembly of
the primary bulk of insulation further includes a core that
extends within the bulk of insulation and is aligned along
a central longitudinal axis thereof. The core augments a
rigidity and structural integrity of the subassembly, and,
according to some embodiments, forms a portion of an-
other circuit of the subassembly, wherein the other circuit
includes a terminal connector pin and another conductor
pin. The terminal connector pin extends proximally from
the core and circuit-support segment of the primary bulk
of insulation, being coupled to a proximal end of the con-
ductive core, for example, at a junction just proximal to
a proximal end of the circuit-support segment, and the
other conductor pin has a proximal end coupled to an
outer surface of the core and extends therefrom, within
the circuit-support segment of the primary bulk of insu-
lation to a distal end thereof that is exposed alongside
the shank segment of the primary bulk of insulation. This
other conductor pin preferably includes a bend located
between the proximal end thereof and a remainder of the
pin, such that the remainder is spaced outward from the
outer surface of the core.
[0011] Following formation of the secondary bulk of in-
sulation around the subassembly that includes the ter-
minal connector pin, the bulk of insulation extends around
the junction between the connector pin and core, and the
connector pin protrudes proximally from the proximal end
of the bulk of insulation. According to alternate embodi-
ments of connector assemblies and subassemblies that
do not include the above-described terminal connector
pin, a proximal portion of an elongate lead conductor is
inserted through a lumen of the core, after the molding
operation, and a terminal connector pin is then joined to
the proximal portion of the lead conductor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The following drawings are illustrative of partic-
ular embodiments of the present invention and therefore
do not limit the scope of the invention. The drawings are
not to scale (unless so stated) and are intended for use
in conjunction with the explanations in the following de-
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tailed description. Embodiments will hereinafter be de-
scribed in conjunction with the appended drawings
wherein like numerals/letters denote like elements, and:

Figure 1 is a schematic with a corresponding chart
that describes various configurations of an exempla-
ry implantable medical electrical lead;
Figure 2A is a perspective view of an implantable
medical electrical lead connector assembly, accord-
ing to some embodiments;
Figures 2B-C are a perspective view and an end
view, respectively, of a subassembly for the lead
connector assembly, according to some embodi-
ments of the present invention;
Figure 3A is a perspective view of the subassembly
assembled together with a mold assembly, accord-
ing to some methods of the present invention;
Figure 3B is a perspective view of portions of the
mold assembly, according to some embodiments;
Figure 3C is a cross-section view through the as-
sembly of Figure 2A, according to some embodi-
ments;
Figure 4A is a cross-section view through a proximal
end of a lead connector, according to some embod-
iments;
Figure 4B is a perspective view of a multi-point con-
tact employed in the assembly of the lead connector
of Figure 4A, according to some embodiments;
Figure 5 is a cross-section view through a proximal
end of a lead connector, according to some alternate
embodiments;
Figure 6 is a cross-section view through a proximal
end of a lead connector, according to yet further em-
bodiments;
Figure 7A is an exploded perspective view of a lead
connector assembly, according to some embodi-
ments;
Figure 7B is a perspective view of a transition fitting
of the lead connector assembly, according to some
embodiments;
Figure 7C is a cross-section view through the tran-
sition fitting portion of the assembly of Figure 7A,
according to some embodiments;
Figure 8 is a cross-section view through a transition
fitting portion of a lead connector assembly, accord-
ing to some alternate embodiments;
Figure 9 is a perspective view of another transition
fitting, according to yet further embodiments, posi-
tioned adjacent a lead body for assembly therewith;
Figure 10 is a perspective view of a connector as-
sembly for an implantable medical electrical lead,
according to some alternate embodiments;
Figure 11A is a perspective view of a subassembly
for a connector assembly, for example, like that
shown in Figure 10, according to some embodi-
ments;
Figure 11B is a cross-section view through the sub-
assembly of Figure 11A, according to some embod-

iments;
Figure 11C is a perspective view of a subassembly,
according to some alternate embodiments;
Figure 12A is a perspective view of a plurality of con-
tact circuits for a connector assembly, according to
some embodiments;
Figure 12B is a perspective view of the contact cir-
cuits assembled together with the subassembly
shown in Figure 11A; and
Figure 12C is an end view of the subassembly shown
in Figure 12B, according to some embodiments.

DETAILED DESCRIPTION

[0013] The following detailed description is exemplary
in nature and is not intended to limit the scope, applica-
bility, or configuration of the invention in any way. Rather,
the following description provides practical examples,
and those skilled in the art will recognize that some of
the examples may have suitable alternatives.
[0014] Figure 2A is a perspective view of an implant-
able medical electrical lead connector assembly 200, ac-
cording to some embodiments; and Figures 2B-C are a
perspective view and an end view, respectively, of a su-
bassembly for connector assembly 200, according to
some embodiments, wherein first, second, and third con-
tact rings 211, 212, 213 extend around a conductive core
240, and correspond to first, second, and third contact
surfaces cs1, cs2, cs3, respectively. Figure 2A illustrates
assembly 200 including a central longitudinal axis 2, and
having the aforementioned uniform outer diameter D that
conforms to a requirement for a connector, in which as-
sembly 200 is included (e.g., connector 120 of Figure 1),
to mate with a connector receptacle of an implantable
medical device. Figure 2A further illustrates assembly
200 including a bulk of insulation 230, which includes an
outer surface divided into the above-described four seal-
ing surfaces ss1, ss2, ss3, ss4. Insulation 230 extends
around conductive core 240 and between contact sur-
faces cs1, cs2, cs3, and distal ends 112, 122, 132, 142
of conductor pins 11, 12, 13, 14 protrude distally there-
from. Bulk of insulation 230 may be formed from any suit-
able relatively hard, insulative, medical grade polymer
material, an example of which is a 75D durometer ther-
moplastic polyurethane. Figure 2B illustrates conductive
core 240 extending from a proximal end 241 thereof to
a distal end 242 thereof, along axis 2, wherein a proximal
end 141 of conductor pin 14 is coupled to an outer surface
of core 240, for example, by laser welding, to form a core
circuit to which a terminal connector pin, for example, the
above-described connector pin 110 (Figure 1) may be
coupled. A bend 21 is shown formed in pin 14, between
the coupled proximal end 141 thereof and a remainder
of pin 14, such that the remainder of pin 14, including
distal end 142, is spaced outward from the outer surface
of core 240. Figures 2B-C illustrate a proximal end 111,
121, 131 of each of the three other conductor pins 11,
12, 13 of the subassembly coupled to an inner surface
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of a corresponding ring 211, 212, 213, for example, by
laser welding, to form three contact circuits. With refer-
ence to the end view of the subassembly in Figure 2C,
distal ends 112, 122, 132, 142 of conductor pins 11, 12,
13, 14 are spaced apart from one another and spaced
approximately equidistant from central longitudinal axis
2, according to some preferred embodiments.
[0015] With further reference to Figure 2B, each of con-
ductor pins 11, 12, 13, like pin 14, has a bend 10 formed
therein, between the coupled proximal end 111, 121, 131,
and a remainder thereof, such that the remainder of each
pin 11, 12, 13, including the corresponding distal end
112, 122, 132, is spaced inward from the inner surface
of the corresponding contact ring 211, 212, 213, for ex-
ample, to achieve the above-described spacing shown
in Figure 2C. However, according to some alternate em-
bodiments, the inner surface of each contact ring 211,
212, 213 may be configured such that the coupling of the
proximal end 111, 121, 131 of the corresponding pin 11,
12, 13 thereto spaces the remainder of the corresponding
pin inward, and each bend 10 is not necessary. According
to an exemplary embodiment, conductive core 240 is
formed from medical grade stainless steel tubing, each
ring 211, 212, 213 is formed from MP35N alloy, and each
conductor pin 11, 12, 13, 14 is formed from a relatively
rigid MP35N alloy wire. An optional jacket 20 of insulation
is shown formed about pins 11, 12, 13 between the cor-
responding proximal and distal ends thereof.
[0016] With reference back to Figure 2A, according to
some embodiments, bulk of insulation 230 is formed by
injection molding the insulative material around the sub-
assembly shown in Figure 2B. Figure 3A is a perspective
view of the above-described contact and core circuits of
the subassembly assembled together with a mold as-
sembly, according to some methods of the present in-
vention. It should be noted that only one of two opposing
and confronting mold blocks 350 is shown in Figure 3A.
Figure 3A illustrates each contact ring 211, 212, 213 po-
sitioned in a corresponding recessed groove 362 of a
cavity 360 formed in each mold block 350 of the mold
assembly, with distal ends 112, 122, 132, 142 of conduc-
tor pins 11, 12, 13, 14 (Figure 2B) inserted into corre-
sponding bores of a core plug 370 of the mold assembly.
(The opposing mold block, which is not shown, includes
the other, opposing, portion of cavity 360.) Conductive
core 240 is shown positioned within a perimeter of each
ring 211, 212, 213 in cavity 360, with distal end 242 (Fig-
ure 2B) of core 240 inserted within another bore of core
plug 370. With further reference to Figure 2A, it may be
appreciated that this other bore of core plug 370 has an
asymmetric profile so that a distal end 232 of insulation
230, which is formed around distal end 242 of core 240
has the asymmetric profile (e.g., a tear drop shape) that
is shown in Figure 2A, according to some embodiments.
[0017] Figure 3A further illustrates core plug 370 in-
cluding injection gates 372 formed therein to receive the
flow of the insulative material therethrough; and, in Figure
3B, openings of gates 372 may be seen on an opposite

side of core plug 370. When the insulative material is
injected through gates 372 and into cavity 360, around
the core and contact circuits assembled therein, each
recessed groove 362 prevents the corresponding contact
ring 211, 212, 213 from being moved by the force of the
flow of the injection, and a core pin 380 of the mold as-
sembly, which extends within conductive core 240, pre-
vents the movement of conductive core 240, and pro-
vides a shut-off at either end 241, 242 of core 240. Figure
3B is a perspective view of core pin 380 and core plug
370 separated from the rest of the mold assembly. Figure
3B illustrates core pin 380 including a shoulder 383,
against which proximal end 241 of conductive core 240
abuts, as shown in Figure 3A, and an enlarged stepped
portion 381, which extends proximally from shoulder 383.
[0018] With reference to Figure 3C, which is a cross-
section view through assembly 200, it may be appreci-
ated that the molded bulk of insulation 230 holds together
the core and contact circuits and isolates the core and
contact circuits from one another. Furthermore, enlarged
stepped portion 381 of core pin 380 creates a bore 235
and counter bore 233 opening in insulation bulk 230, at
a proximal end 231 thereof, which accommodates a re-
tainer component 410 that holds terminal connector pin
110 in place, relative to assembly 200, according to some
embodiments, for example, like that illustrated in Figure
4A.
[0019] To facilitate holding rings 211, 212, 213 in re-
cessed grooves 362 of mold cavity 360, according to the
above-described method, each contact ring 211, 212,
213 has an enlarged outer diameter, relative to the injec-
tion molded material; so, a manufacturing step to reduce
the outer diameter of rings 211, 212, 213, and, in some
cases, to also remove molding byproducts at the outer
diameter of the injection molded material (e.g., parting
line removal), follows the injection molding. According to
some methods, a grinding method, for example, a cen-
terless grinding process known to those skilled in the art,
is employed to bring the outer diameter of the molded
assembly, along an entire length of contact surfaces cs1-
cs3 and sealing surfaces ss1-ss4, down to the uniform
outer diameter D shown in Figure 2A.
[0020] With further reference to Figure 2A, assembly
200, being modular, may be incorporated by any one of
a number of lead types and configurations, for example,
like the types and configurations described above in con-
junction with Figure 1. With reference to Figure 1, if as-
sembly 200 is employed by lead 100 of the passive fix-
ation type P, terminal connector pin 110 may be an ele-
ment of the core circuit - coupled to conductive core 240,
which is coupled to conductor pin 14, for example, in the
manner described below in conjunction with Figures 4A-
B, wherein each elongate conductor of the lead is coupled
to a corresponding conductor pin distal end 112, 122,
132, 142, to electrically couple each electrode de, e1,
e2, e3 to connector 120. Or, a modified assembly 200
may be employed in the manner described in conjunction
with Figure 5. If assembly 200 is employed by lead 100
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of the active fixation type A, the coupling of each contact
surface cs1, cs2, cs3 to a corresponding electrode e1,
e2, e3 is accomplished via the coupling of the corre-
sponding conductor pin distal end 112, 122, 132 to the
corresponding lead conductor, but the lead conductor
that is coupled to distal-most electrode de (e.g., a helix
electrode) is directly coupled to terminal connector pin
110, for example, as described below in conjunction with
Figure 6. For either type of lead, a transition fitting, sev-
eral embodiments of which will be described below in
conjunction with Figures 7A-9, may be joined to bulk of
insulation 230 to support conductor pin distal ends 112,
122, 132, 142 and associated couplings thereof to the
lead conductors. With further reference to Figure 2A, in
conjunction with Figure 1, an external groove 237 is
formed in insulation bulk 230, just distal to fourth sealing
surface ss4, to accommodate coupling of a connector
sleeve 175, for example, formed from medical grade sil-
icone rubber, that extends from lead body 130 to con-
nector 120.
[0021] Figure 4A is a cross-section view through a
proximal end of a lead connector that includes assembly
200, according to some embodiments. Figure 4A illus-
trates the core circuit of assembly 200 including terminal
connector pin 110, which is coupled to conductive core
240. According to the illustrated embodiment, proximal
end 241 of conductive core 240 defines a lumen in which
a multi-point contact 40 is mounted, and multi-point con-
tact 40 engages a shank 104 of connector pin 110, within
the lumen of proximal end 241, to couple connector pin
110 to conductive core 240. Figure 4B is a perspective
view of multi-point contact 40, according to some em-
bodiments. Figure 4B illustrates multi-point contact 40
including a plurality of spring-loaded fingers 44 spaced
apart around an aperture 46 of contact 40. With reference
to Figure 4A, aperture 46 is approximately aligned along
central axis 2, when multi-point contact 40 is press fit
within the lumen of conductive core 240, so that fingers
44 create multiple contact points between shank 104 and
conductive core 240. According to an exemplary embod-
iment, multi-point contact 40 is formed from a sheet of
MP35N alloy having a thickness of approximately 0.005
inch (0.127mm), for example, by a stamping process.
Figure 4A further illustrates terminal connector pin 110
including a through lumen 106 that is in fluid communi-
cation with the lumen of conductive core 240, via aperture
46 of multi-point contact 40, for example, to allow pas-
sage of an instrument, such as a stylet, therethrough and
into a lumen of lead body 130 (Figure 1).
[0022] Figure 5 is a cross-section view through a prox-
imal end of a lead connector, according to some alternate
embodiments, which includes a modular assembly 500.
With reference back to Figure 2A, assembly 500 has the
same external configuration as assembly 200, and may
be manufactured in approximately the same manner, as
described in conjunction with Figures 3A-B, but the core
circuit of assembly 500 includes a different configuration
of conductive core 240. With reference to Figure 5, a

proximal end 541 of a conductive core 540 in assembly
500 is not flared like proximal end 241 of conductive core
240, and conductive core 540 has a shorter length, along
axis 2, than core 240. Figure 5 illustrates the core circuit
of assembly 500 including terminal connector pin 110
coupled to conductive core 540 by a coil-type multi-point
contact 50, wherein contact 50 includes a distal portion
52, which is fitted within a lumen defined by proximal end
541 of conductive core 540, and a proximal portion 51
that extends proximally from proximal end 541 of con-
ductive core 540 to engage shank 104 of connector pin
110. According to the illustrated embodiment, proximal
portion 51 of contact 50 is mounted around shank 104,
for example, having been spun thereon and welded
thereto, and distal portion 52 of contact 50 is compressed
within the lumen of conductive core 541 to create multiple
contact points therewith. According to an exemplary em-
bodiment, contact 50 is formed from an tight-wound
MP35N wire that has a wire diameter of approximately
0.005 inch (0.127mm). Figure 5 further illustrates a lumen
56 of contact 50 bridging lumen 106 of connector pin 110
and the lumen of conductive core 540, for example, to
allow passage of an instrument therethrough as de-
scribed above.
[0023] As mentioned above, the core circuit configu-
rations associated with Figures 4A-5 may be employed
by lead 100 of the passive fixation type P (Figure 1),
wherein, with reference back to Figure 2A, distal-most
electrode de is coupled to terminal connector pin 110,
via an elongate conductor of the lead coupled to contact
pin distal end 142 of the core circuit. Figure 6 is a cross-
section view through a proximal end of a lead connector,
which includes assembly 200, according to embodiments
that are suitable for employment by lead 100 of the active
fixation type A. Figure 6 illustrates an elongate coiled
lead conductor 600 coupled to terminal connector pin
110, for example, being mounted around shank 104 and
laser welded thereto, wherein conductor 600 extends dis-
tally from the lead connector and through lead body 130
to couple with distal-most electrode de, for example, of
the helix type illustrated in Figure 1 for active fixation type
lead A. Thus, according to the embodiment of Figure 6,
conductor 600 couples distal-most electrode de to con-
nector pin 110, without the core circuit interface em-
ployed by passive fixation type lead P, so as to form a
drive shaft with connector pin 110, which may be rotated
to extend and retract helix electrode de relative to lead
body 130, according to constructions and methods
known in the art.
[0024] Figure 7A is an exploded perspective view of a
connector assembly that includes assembly 200 and a
transition fitting 730, according to some embodiments;
and Figure 7B is a perspective view of transition fitting
730, according to some embodiments. Figure 7A illus-
trates transition fitting 730 including a lumen 76 and four
peripheral grooves 711, 712, 713, 714, each of which is
positioned and sized to support conductor pin distal ends
111, 112, 113, 114 when transition fitting 730 is joined
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to assembly 200, as illustrated in the cross-section view
of Figure 7C. Transition fitting 730 is preferably formed
from the same insulative material that forms bulk of in-
sulation 230 of assembly 200, and a proximal end 733
thereof may be fused to bulk of insulation 230 by a solvent
or thermal process known in the art, for example, at an
abutting interface F (Figure 7C). A proximal portion 731
of lumen 76, seen in Figure 7A, has an asymmetric profile
to fit around the similar asymmetric profile of distal end
232 of insulation 230. These asymmetric profiles provide
a keyed fit, for example, to guide proper alignment of
grooves 711-714 with conductor pin distal ends 111, 112,
113, 114 when joining fitting 230 to assembly 200. Fig-
ures 7A and 7C also show a proximal portion of a lead
body, for example, lead body 130 of lead 100 (Figure 1),
passive fixation type P, wherein a multi-conductor coil
700 thereof extends around an inner insulation tubing
720 thereof, and is configured for coupling to conductor
pin distal ends 112, 122, 132, 142 of assembly 200. Fig-
ure 7B shows a distal portion 732 of lumen 76, which is
sized to receive inner insulation tubing 720, for example,
as shown in Figure 7C. Although not shown, it should be
understood that lead body 130 also includes an outer
insulation tubing that extends over coil 700 to isolate coil
700 from an environment external to lead 100.
[0025] Figure 7A further illustrates multi-conductor coil
700 including at least four individual conductor coil filars
701, 702, 703, 704, for coupling electrodes e1, e2, e3,
de, respectively, to the corresponding conductor pin dis-
tal end 112, 122, 132, 142, for example, to accommodate
the fourth lead configuration (quadripolar) in the chart of
Figure 1. However, with further reference to the chart of
Figure 1, assembly 200 and transition fitting 730, being
modular, can also be employed for any of the other three
lead configurations. For example, in the second, tripolar
configuration, lead conductor coil filar 704 couples distal-
most electrode de to terminal connector pin 110 via a
coupling with conductor pin 14, lead conductor coil filars
701 and 702 couple first electrode e1 to both first and
second contact surfaces cs1, cs2, via couplings with con-
ductor pins 11 and 12, and lead conductor coil filar 703
couples third electrode e3 to third contact surface cs3,
via conductor pin 13. In the first, bipolar configuration,
conductor pins 11, 12 and 14 of assembly 200 are em-
ployed in the same manner, but conductor pin 13 remains
uncoupled so that third contact surface cs3 is inactive.
[0026] With further reference to Figures 7A and 7C,
each conductor pin distal end 112, 122, 132, 142 may
be coupled to the corresponding conductor coil filar 701,
702, 703, 704, within the corresponding groove 711, 712,
713, 714 of transition fitting 730, by means of a corre-
sponding one of junction sleeves 71, 72, 73, 74. Accord-
ing to the illustrated embodiment, each junction sleeve
71-74 includes a crimp portion 772, each of which is
shown crimped to the corresponding conductor coil filar
701-704, and a weld portion 771, each of which is con-
figured to receive the corresponding conductor pin distal
end 112, 122, 132, 142 therein, for laser welding thereto.

According to an exemplary embodiment, each junction
sleeve 71-74 is formed from MP35N alloy, and has an
inner diameter of approximately 0.012 inch (0.3048mm)
and an outer diameter of approximately 0.02 inch
(0.508mm). With reference to Figure 7B, in some em-
bodiments, a distal entry into each groove 711-714 has
a rounded edge 780 to provide strain relief for the corre-
sponding conductor coil filar 701-704, just distal to the
crimp thereof within the corresponding sleeve 71-74. Ac-
cording to some preferred embodiments, each groove
711-714 is further configured with tabbed opposing edg-
es 791 and shoulders 790 that can help to retain each
junction sleeve 71-74 in the corresponding groove
711-714. According to some methods, after crimping
each sleeve 71-74 to the corresponding filar 701-704,
each sleeve 71-74 may either be pushed radially, past
the tabs of edges 791, and into the corresponding groove
711-714 for a snap fit therein, or slid into the correspond-
ing groove 711-714 from proximal end 733 of transition
fitting 730, for example, until each sleeve abuts shoulders
790 of the corresponding groove 711-714.
[0027] Following the coupling of each lead conductor
to the corresponding contact pin of the connector assem-
bly, the aforementioned connector sleeve 175 (Figure 1)
is assembled around the above-described couplings, for
example, supported by transition fitting 730, and is se-
cured to assembly 200 by interlocking a proximal end
thereof in external groove 237 of bulk of insulation 230,
then connector sleeve 175 is bonded to an outer insula-
tion layer of lead body 130, for example, with a silicone
medical adhesive. Connector sleeve 175 isolates the
couplings from the environment external to lead 100, and
may provide a degree of strain relief between lead body
130 and fitting 730. However, a transition fitting that pro-
vides additional strain relief may be substituted for fitting
730, according to some alternate embodiments, for ex-
ample, as shown in Figures 8 and 9.
[0028] Figure 8 is a cross-section view through a tran-
sition fitting 830 of a lead connector assembly, according
to some alternate embodiments; and Figure 9 is a per-
spective view of another transition fitting 930, according
to yet further embodiments, positioned adjacent to lead
body 130 for assembly therewith. Figure 8 illustrates tran-
sition fitting 830 including a grooved portion 803, which
is similar to transition fitting 730, and a strain relief portion
800, which extends distally from grooved portion 803,
and which has a tapered profile about which multi-con-
ductor coil 700 is fitted. Figure 8 further illustrates a lumen
86 of transition fitting 830 including a proximal portion
831, similar to proximal portion 731 of lumen 76 of fitting
730, and a distal portion 832; distal ends 232, 242 of
insulative bulk 230 and conductive core 240, respective-
ly, of assembly 200 (Figure 2A) are fitted with proximal
portion 831 of lumen 86, and inner insulation tubing 720
is fitted within distal portion 832 of lumen 86 such that
strain relief portion 800 of fitting 830 is sandwiched be-
tween inner insulation tubing 720 and coil 700. Figure 9
illustrates transition fitting 930 including a grooved por-
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tion 903, which is similar to transition fitting 730, and a
strain relief portion 900, which extends distally from
grooved portion 903, and which has slots 901-904 formed
therein. According to the illustrated embodiment, strain
relief portion 900 is sized to fit around inner insulation
tubing 720, multi-conductor coil 700, and an outer insu-
lation tubing 310 of lead body 130, which overlays coil
700; and each slot 901-904 allows a corresponding con-
ductor coil filar 701-704 to be received in a corresponding
groove 711-714 of grooved portion 903, as lead body
130 is assembled together with fitting 930, as can be
seen for conductor 702 in Figure 9. Although not shown,
it should be understood that a lumen of transition fitting
930 includes a proximal portion similar to that of transition
fitting 730 to join with assembly 200.
[0029] Figure 10 is a perspective view of a lead con-
nector assembly 1200, according to some alternate em-
bodiments, for example, suitable for the passive fixation
type P of implantable medical electrical lead 100 de-
scribed above in conjunction with Figure 1. Assembly
1200 includes a plurality of contact circuits and a bulk of
insulation, which is preferably formed in two parts: a pri-
mary bulk of insulation 1230p overlaid by a secondary
bulk of insulation 1230s, for example, having been over-
molded onto primary bulk 1230p and around the contact
circuits. Each contact circuit, similar to those included in
the above described assemblies 200, 500, includes a
conductor pin 11, 12, 13 electrically coupled to a corre-
sponding contact surface cs1, cs2, cs3, wherein distal
ends 112, 122, 132 of pins 11, 12, 13 protrude distally
from the bulk of insulation. Also like the above-described
assemblies 200, 500, assembly 1200 has sealing sur-
faces ss1, ss2, ss3, ss4, each of which extends alongside
a corresponding contact surface cs1, cs2, cs3. Each
sealing surface ss1-ss4 and each contact surface cs1-
cs3 defines uniform outer diameter D, which is required
for assembly 1200 to conform to the aforementioned re-
quirement. However, according to a preferred method
described below, a grinding process is not required to
achieve the uniform outer diameter D for assembly 1200.
[0030] Figure 10 illustrates the bulk of insulation includ-
ing a shank 1232 that defines a distal end thereof, where-
in shank 1232 includes a proximal portion defined by a
groove 1237 and opposing flats 1037, and a distal portion
defined by an asymmetric profile 1002, alongside which
distal ends 112, 122, 132 of conductor pins 11, 12, 13
extend. Asymmetric profile 1002 is similar to that de-
scribed above for insulation distal end 232 of connector
assembly 200, for example, being tear drop shaped, to
mate with proximal portion 731 of lumen 76 of transition
fitting 730 so that each distal end 112, 122, 132 is located
in a corresponding peripheral groove 711-713, wherein
each groove 711-713 may support a coupling between
a corresponding pin distal end 112, 122, 132 and a cor-
responding conductor of a lead (depending upon the con-
figuration of the lead, for example, selected from the con-
figurations described above in conjunction with Figure 1)
in the manner described above in conjunction with Fig-

ures 7A-C. Likewise, connector sleeve 175 (Figure 1),
which isolates the couplings in grooves 711-713, and
which provides some strain relief, as described above,
may be configured to interlock within groove 1237 of as-
sembly 1200. Furthermore, it should be appreciated that
connector assembly 1200 is compatible for assembly to-
gether with either of the above-described alternative tran-
sition fittings 830, 930 (Figures 8-9), in lieu of fitting 730.
[0031] Figure 11A is a perspective view of a subassem-
bly 1120-P, for connector assembly 1200, that includes
primary bulk of insulation 1230p. Figure 11A illustrates
primary bulk 1230p including a circuit support segment
1131 and a shank segment 1132, which extends distally
therefrom along a central longitudinal axis 1000 shared
by assembly 1200 and subassembly 1120-P, wherein
shank segment 1132 forms asymmetric distal portion
1002 of shank 1232 (Figure 10). Figure 11A further illus-
trates subassembly 1120-P including a core 1240 that
extends within the primary bulk of insulation 1230p, being
aligned along central longitudinal axis 1000. Core 1240
augments a rigidity and structural integrity of subassem-
bly 1120-P and forms a portion of a core circuit that in-
cludes terminal connector pin 110 and conductor pin 14.
According to an exemplary embodiment, core 1240 is
formed from medical grade stainless steel, and a proxi-
mal end 141 of conductor pin 14 may be coupled to an
outer surface of core 1240, for example, in a similar man-
ner to that described above for core 240 in conjunction
with Figure 2B. Conductor pin 14 preferably includes
bend 21 formed therein, between the coupled proximal
end 141 thereof and a remainder of pin 14, such that the
remainder of pin 14, including distal end 142, is spaced
outward from the outer surface of core 1240 as can be
seen in the cross-section view of Figure 11B. Figures
11A-B show distal end 142 of conductor pin 14 extending
alongside shank segment 1132 so that distal end 142
will be exposed, in assembly 1200, for coupling terminal
connector pin 110 to a corresponding conductor of a pas-
sive fixation type P lead. With reference back to Figure
10, distal ends 112, 122, 132, 142 of conductor pins 11,
12, 13, 14 are spaced apart from one another and spaced
approximately equidistant from central longitudinal axis
1000, so that each distal end 112, 122, 132, 142 may be
located in a corresponding peripheral groove 711-714 of
transition fitting 730, for coupling with a corresponding
lead conductor, as described above.
[0032] With further reference to Figures 11A-B, termi-
nal connector pin 110 is coupled to a proximal end 1241
of conductive core 1240, for example, by a laser weld
junction located in proximity to a proximal end 1113 of
circuit support segment 1131 of primary bulk of insulation
1230p. Primary bulk of insulation 1230p may be injection
molded around core 1240 and conductor pin 14, either
before or after forming the junction between connector
pin 110 and core 1240, preferably after. Figures 10 and
11A-B further illustrate core 1240 including an optional
lumen 1040 that extends longitudinally along axis 1000
and may be in fluid communication with lumen 106 of
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terminal connector pin (Figures 4A, 5, 6), for example,
to allow passage of an instrument, such as a stylet or
guidewire, therethrough.
[0033] Figure 11C is a perspective view of a sub-
assembly 1120-A, according to some alternate embodi-
ments. Subassembly 1120-A includes core 1240 extend-
ing within primary bulk of insulation 1230p, similar to su-
bassembly 1120-P, but does not include terminal con-
nector pin 110, and need not include conductor pin 14.
Thus, subassembly 1120-A is employed in a connector
assembly for active fixation type A leads, for example,
like the lead connector described above, in conjunction
with Figure 6, wherein a proximal portion of an elongate
lead conductor (e.g., conductor 600) extends through lu-
men 1040 of core 1240 to a proximal end thereof, which
is coupled to terminal connector pin 110. As described
above, this conductor of the active fixation type lead A,
which is preferably a coiled conductor, forms a drive shaft
with connector pin 110, which may be rotated to extend
and retract helix electrode relative to lead body 130 (Fig-
ure 1), according to constructions and methods known
in the art. Since the lead conductor of the active fixation
type lead A electrically couples distal-most electrode de
to terminal connector pin 110, core 1240 of the corre-
sponding connector assembly need not be part of a circuit
like it is in connector assembly 1200 of passive fixation
type lead P.
[0034] Figure 12A is a perspective view of the above-
described contact circuits, according to some embodi-
ments, wherein the contact circuits are oriented and po-
sitioned in relation to one another as they are when in-
tegrated into either of subassemblies 1120-P, 1120-A;
and Figure 12B is a perspective view of subassembly
1120-P including the contact circuits. Figure 12A illus-
trates each contact circuit including a contact ring 1211,
1212, 1213, which has an outer surface that forms the
aforementioned corresponding contact surface cs1, cs2,
cs3, and an inner surface to which a corresponding con-
ductor pin proximal end 111, 121, 131 is coupled. Each
contact pin 11, 12, 13 is shown including the aforemen-
tioned bend 10 between the coupled proximal end 111,
121, 131, and a remainder thereof, to space the remain-
ders inward from the inner surfaces of contact rings 1211,
1212, 1213. Either before or after forming bends 10 in
pins 11, 12, 13, each proximal end 111, 121, 131 of the
corresponding conductor pin 11, 12, 13, is coupled, for
example, by laser welding, to the inner surface of the
corresponding ring 1211, 1212, 1213, and then each con-
tact circuit may be assembled together with primary bulk
of insulation 1230p as shown in Figure 12B. It should be
noted that the inner surface of each contact ring 1211,
1212, 1213 may be configured so that the coupling of the
proximal end 111, 121, 131 of the corresponding pin 11,
12, 13 thereto spaces the remainder of the corresponding
pin inward, and each bend 10 is not necessary. Figure
12A further illustrates each of pins 11, 12 including an-
other bend 1210 formed in proximity to the corresponding
distal end 112, 122 thereof, according to some embodi-

ments, to position pin distal ends 112, 122 equidistant
from axis 1000, as described above.
[0035] With reference back to Figure 11A, circuit-sup-
port segment 1131 of primary bulk of insulation 1230p is
formed with three open channels 1101, 1102, 1103 con-
figured to receive conductor pins 11, 12, 13 when rings
1211, 1212, 1213 are positioned around circuit-support
segment 1131, as shown in Figure 12B. According to the
illustrated embodiment, each channel 1101, 1102, 1103
extends longitudinally within a corresponding cog 1141,
1142, 1143 of primary bulk 1230p; cogs 1141, 1142, 1143
are best seen in the end view of subassembly 1120-P,
which is shown in Figure 12C. Figure 12C illustrates four
cogs 1141, 1142, 1143, 1144 of primary bulk 1230p
spaced approximately equidistant from one another
around central longitudinal axis 1000, wherein each of
conductor pins 11, 12, 13 extends within the correspond-
ing open channel 1101, 1102, 1103, and conductor pin
14 is embedded in cog 1144. With further reference to
Figure 12C, a minimum thickness t of primary bulk 1230p
between channels 1101-1103 and core 1240, for exam-
ple, being approximately 0.010 inch (0.254mm), corre-
sponds to electrical isolation requirements for each pin
11, 12, 13 relative to core 1240. According to some pre-
ferred embodiments and methods, primary bulk of insu-
lation 1230p is formed from 75D durometer medical
grade polyurethane by injection molding, and a parting
line for opposing portions of mold tooling is indicated with
an arrow labeled pl in Figure 12C. Thus, according to the
illustrated embodiment, sidewalls 1170 of each open
channel 1101-1103, which extend approximately orthog-
onal to central longitudinal axis 1000, all extend approx-
imately parallel to one another.
[0036] With further reference to Figure 11A, each open
channel 1101, 1102, 1103 extends from a distal end 1123
of primary bulk of insulation 1230p to a corresponding
pair of outward protruding shoulders 1151, 1152, 1153,
which may be formed in all four cogs 1141-1144 to help
locate contact rings 12111, 1212, 1213 at a predeter-
mined spacing along circuit support segment 1131. Ac-
cording to some methods, the circuit of ring 1211 coupled
to pin 11 is positioned on primary bulk 1230p first, being
advanced, with pin 11 located in channel 1101 (Figure
11C) until ring 1211 is located in between opposing shoul-
ders 1151; then the circuit of ring 1212 coupled to pin 12
is positioned, so that pin 12 is located in channel 1102
and ring 1212 is located between opposing shoulders
1152, and then the circuit of ring 1213 coupled to pin 13
is positioned, so that pin 13 is located in channel 1103
and ring 1213 is located between opposing shoulders
1153. With reference to Figure 12B and 12C, to assemble
the circuit of ring 1212 and pin 12, pin 12 may be initially
aligned along a gap between cogs 1142, 1143 for sliding
ring 1212 and pin 12, per arrow s, onto primary bulk
1230p, and then, when ring 1212 is positioned between
shoulders 1152, the circuit is rotated, per arrow r, to po-
sitioned pin 12 within channel 1102.
[0037] Subassembly 1120-P, as shown in Figure 12B,
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is positioned within a mold for the injection molding there-
about of secondary bulk of insulation 1230s, which, with
reference to Figure 10, forms sealing surfaces ss1-ss4
and the proximal portion of shank 1232, wherein sealing
surfaces ss1-ss4 are formed isodiametric with contact
surfaces cs1-cs3 of rings 1211-1213 by the molding op-
eration. With further reference to Figure 10, flats 1037
are features of second bulk 1230s at which gates of a
mold are located, and the molding operation targets di-
ameter D for sealing surfaces ss1-ss4. According to an
exemplary embodiment, secondary bulk of insulation
1230s is formed from 75D durometer medical grade poly-
urethane. A proximal end 1231 of secondary bulk 1230s
extends over the above-described junction formed to
couple terminal connector pin 110 to conductive core
1240 in subassembly 1120-A, and a distal end of sec-
ondary bulk 1230s defines the above-described proximal
portion of shank 1232. For those embodiments of con-
nector assemblies and subassemblies that are suitable
for active fixation type A leads, and which do not include
terminal connector pin 110, an elongate lead conductor
(e.g., conductor 600) is inserted through lumen 1040 of
conductive core 1240 so that a proximal end thereof is
located in proximity to proximal end 1231 of secondary
bulk 1230s, where the proximal end of the lead conductor
is coupled to terminal connector pin 110, following the
molding operation that forms secondary bulk 1230s.
[0038] In the foregoing detailed description, the inven-
tion has been described with reference to specific em-
bodiments. However, it may be appreciated that various
modifications and changes can be made without depart-
ing from the scope of the invention as set forth in the
appended claims.

Claims

1. A connector assembly for an implantable medical
electrical lead, the assembly having a central longi-
tudinal axis and a uniform outer diameter conforming
to a requirement for the connector to mate with a
connector receptacle of an implantable medical de-
vice, and the assembly comprising:

a plurality of contact rings (211,212,213) extend-
ing around the central longitudinal axis (2) and
being spaced apart from one another along a
length of the assembly, each of the contact rings
having an inner surface, and an outer contact
surface, each outer contact surface defining the
uniform outer diameter;
a bulk of insulation (230) supporting the plurality
of contact rings and isolating the contact rings
from one another, the bulk of insulation including
a plurality of sealing surfaces (ss1-ss4), each
sealing surface also defining the uniform outer
diameter of the assembly, and characterised
by the bulk of insulation including a shank (104),

the shank defining a distal end of the bulk of
insulation, and the shank having an asymmetric
profile, a first sealing surface of the plurality of
sealing surfaces extending from a proximal end
of the bulk of insulation to a first ring of the plu-
rality of contact rings, a second sealing surface
of the plurality of sealing surfaces extending be-
tween the first contact ring and a second contact
ring of the plurality of contact rings, and a third
sealing surface of the plurality of sealing surfac-
es extending distally from the second contact
ring;
at least one conductor pin (11,12,13,14) extend-
ing within the bulk of insulation, a distal end of
each conductor pin protruding distally from the
bulk of insulation and being exposed alongside
the shank thereof, and a proximal end of a first
conductor pin of the at least one conductor pin
being coupled to the inner surface of the first
contact ring; and
a core (240) extending within the bulk of insula-
tion, the core being aligned along the central lon-
gitudinal axis of the assembly.

2. The assembly of claim 1, wherein the shank of the
bulk of insulation includes a proximal portion and a
distal portion, the proximal portion being defined by
an external groove (362) formed therein, the groove
extending around the central longitudinal axis, and
the distal portion being defined by the asymmetric
profile.

3. The assembly of any of claims 1 and 2, wherein the
core includes an outer surface to which a proximal
end of a second conductor pin of the at least one
conductor pin is coupled.

4. The assembly of any of claims 1-3, wherein the sec-
ond conductor pin has a bend formed therein, the
bend being located between the proximal end of the
second conductor pin and a remainder thereof such
that the remainder is spaced outward from the outer
surface of the core

5. The assembly of any of claims 1-4, further compris-
ing a terminal connector pin (110) coupled to the
core and protruding proximally from the proximal end
of the bulk of insulation.

6. The assembly of any of claims 1-5, wherein the at
least one conductor pin comprises a plurality of con-
ductor pins, the distal ends of the plurality of conduc-
tor pins being spaced apart from one another and
spaced approximately equidistant from the central
longitudinal axis.

7. The assembly of claim 6, wherein:
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the plurality of conductor pins includes the first
conductor pin (11), a second conductor pin (12),
and a third conductor pin (13); and
the plurality of contact rings includes the first and
second contact rings and a third contact ring, a
proximal end of the second conductor pin being
coupled to the inner surface of the second con-
tact ring, and a proximal end of the third conduc-
tor pin being coupled to the inner surface of the
third contact ring.

8. The assembly of claim 7, wherein the core includes
an outer surface to which a proximal end of a fourth
conductor pin of the plurality of conductor pins is cou-
pled.

9. The assembly of claim 6, further comprising:

a transition fitting (730) joined to the shank of
the bulk of insulation, the fitting comprising a lu-
men, and at least two peripheral grooves
(711,712,713,714), the lumen being sized to re-
ceive an inner portion of a body of the lead; and
wherein each groove of the transition fitting sup-
ports the distal end of a corresponding conduc-
tor pin of the plurality of conductor pins; and
each groove of the transition fitting is sized to
receive a corresponding conductor of a plurality
of conductors of the body of the lead, such that
each conductor pin of the assembly can be cou-
pled to the corresponding lead conductor within
the corresponding groove, when the inner por-
tion of the lead body is received in the lumen of
the fitting.

10. The assembly of claim 9, wherein the transition fitting
further comprises a strain relief portion (900) extend-
ing distally from the grooves, the lumen of the fitting
extending within the strain relief portion, and the
strain relief portion being sized to fit between the
inner portion of the lead body and the plurality of
conductors of the lead body, when the inner portion
is received in the lumen of the fitting, and each con-
ductor of the plurality of conductors is received in the
corresponding groove of the fitting.

11. The assembly of claim 9, wherein:

the transition fitting further comprises a strain
relief portion (900) extending distally from the
grooves, the strain relief portion including a plu-
rality of longitudinal slots (901 - 904), each slot
aligned with a corresponding groove (711 - 714)
and extending therefrom to an open end at a
distal end of the fitting;
the lumen of the fitting extends within the strain
relief portion; and
the strain relief portion is sized to fit around the

inner portion of the lead body, the plurality of
conductors of the lead body, and an outer insu-
lation layer of the lead body, which overlays the
plurality of conductors, when the inner portion
is received in the lumen, and each conductor of
the plurality of conductors is received in the cor-
responding groove, via the corresponding slot.

Patentansprüche

1. Verbindungsgliedanordnung für eine implantierbare
medizinische elektrische Leitung, wobei die Anord-
nung eine zentrale longitudinale Achse und einen
einheitlichen äußeren Durchmesser aufweist, der ei-
ner Anforderung für das Verbindungsglied ent-
spricht, mit einem Verbindungsgliedbehälter einer
implantierbaren medizinischen Vorrichtung zusam-
menzupassen und wobei die Anordnung Folgendes
aufweist:

eine Mehrzahl von Kontaktringen (211, 212,
213), die sich um die zentrale longitudinale Ach-
se (2) erstrecken und voneinander um eine Län-
ge der Anordnung beabstandet sind, wobei je-
der der Kontaktringe eine innere Oberfläche und
eine äußere Kontaktoberfläche aufweist, wobei
jede äußere Kontaktoberfläche den einheitli-
chen äußeren Durchmesser definiert;
eine Isolationsmasse bzw. ein Isolationskörper
(230), die die Mehrzahl von Kontaktringen stützt
und die Kontaktringe voneinander isoliert, wobei
die Isolationsmasse eine Mehrzahl von Dich-
tungsoberflächen (ss1-ss4) aufweist,
wobei jede Dichtungsoberfläche auch den ein-
heitlichen äußeren Durchmesser der Anord-
nung definiert und dadurch gekennzeichnet
ist, dass die Isolationsmasse einen Kolben
(104) aufweist, wobei der Kolben ein distales
Ende der Isolationsmasse definiert und der Kol-
ben ein asymmetrisches Profil aufweist,
wobei eine erste Dichtungsoberfläche der Mehr-
zahl von Dichtungsoberflächen sich von einem
proximalen Ende der Isolationsmasse zu einem
ersten Ring der Mehrzahl von Kontaktringen er-
streckt, wobei eine zweite Dichtungsoberfläche
der Mehrzahl von Dichtungsoberflächen sich
zwischen dem ersten Kontaktring und einem
zweiten Kontaktring der Mehrzahl von Kontak-
tringen erstreckt und eine dritte Dichtungsober-
fläche der Mehrzahl von Dichtungsoberflächen
sich distal von dem zweiten Kontaktring er-
streckt;
zumindest einen Leiterstift (11, 12, 13, 14), der
sich innerhalb der Isolationsmasse erstreckt,
wobei ein distales Ende jedes Leiterstiftes distal
von der Isolationsmasse herausragt und neben-
her zu dem Kolben davon exponiert ist und wo-
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bei ein proximales Ende eines ersten Leiterstif-
tes des zumindest einen Leiterstiftes an die in-
nere Oberfläche des ersten Kontaktringes ge-
koppelt ist; und
ein Kern (240), der sich innerhalb der Isolations-
masse erstreckt, wobei der Kern entlang der
zentralen longitudinalen Achse der Anordnung
ausgerichtet ist.

2. Anordnung nach Anspruch 1, wobei der Kolben der
Isolationsmasse einen proximalen Abschnitt und ei-
nen distalen Abschnitt aufweist, wobei der proximale
Abschnitt durch eine externe Nut (362) definiert ist,
die darin gebildet ist, wobei die Nut sich um die zen-
trale longitudinale Achse erstreckt und der distale
Abschnitt durch das asymmetrische Profil definiert
ist.

3. Anordnung nach einem der Ansprüche 1 und 2, wo-
bei der Kern eine äußere Oberfläche aufweist, an
die ein proximales Ende eines zweiten Leiterstiftes
des zumindest einen Leiterstiftes gekoppelt ist.

4. Anordnung nach einem der Ansprüche 1-3, wobei
der zweite Leiterstift eine Biegung aufweist, die darin
gebildet ist, wobei die Biegung zwischen dem proxi-
malen Ende des zweiten Leiterstiftes und einem
Rest davon derart angeordnet ist, dass der Rest äu-
ßerlich von der äußeren Oberfläche des Kerns be-
abstandet ist.

5. Anordnung nach einem der Ansprüche 1-4, ferner
aufweisend ein Anschlussverbindungsglied (110),
das an den Kern gekoppelt ist und proximal von dem
proximalen Ende der Isolationsmasse herausragt.

6. Anordnung nach einem der Ansprüche 1-5, wobei
der zumindest eine Leiterstift eine Mehrzahl von Lei-
terstiften aufweist, wobei die distalen Enden der
Mehrzahl von Leiterstiften voneinander beabstandet
sind und ungefähr äquidistant von der zentralen lon-
gitudinalen Achse beabstandet sind.

7. Anordnung nach Anspruch 6, wobei:

die Mehrzahl von Leiterstiften den ersten Leiter-
stift (11), einen zweiten Leiterstift (12) und einen
dritten Leiterstift 813) aufweist; und
die Mehrzahl von Kontaktringen den ersten und
zweiten Kontaktring und einen dritten Kontak-
tring aufweist, wobei ein proximales Ende des
zweiten Leiterstiftes an die innere Oberfläche
des zweiten Kontaktringes gekoppelt ist und ein
proximales Ende des dritten Leiterstiftes an die
innere Oberfläche des dritten Kontaktringes ge-
koppelt ist.

8. Anordnung nach Anspruch 7, wobei der Kern eine

äußere Oberfläche aufweist, an die ein proximales
Ende eines vierten Leiterstiftes der Mehrzahl von
Leiterstiften gekoppelt ist.

9. Anordnung nach Anspruch 6, die ferner Folgendes
aufweist:

ein Übergangsformstück (730), das mit dem
Kolben der Isolationsmasse verbunden ist, wo-
bei das Formstück ein Lumen und zumindest
zwei periphere Nuten (711, 712, 713, 714) auf-
weist, wobei das Lumen so groß ist, dass es
einen inneren Abschnitt eines Köpers der Lei-
tung empfängt; und
wobei jede Nut des Übergangsformstückes das
distale Ende eines entsprechenden Leiterstiftes
der Mehrzahl von Leiterstiften stützt; und
jede Nut des Übergangsformstückes so groß ist,
dass sie einen entsprechenden Leiter von einer
Mehrzahl von Leitern des Körpers der Leitung
derart empfängt, dass jeder Leiterstift der An-
ordnung an den entsprechenden Leitungsleiter
innerhalb der entsprechenden Nut gekoppelt
werden kann, wenn der innere Abschnitt ders
Leitungskörpers in dem Lumen des Formstü-
ckes empfangen wird.

10. Anordnung nach Anspruch 9, wobei das Übergangs-
formstück ferner einen Belastungshilfeabschnitt
(900) aufweist, der sich distal von den Nuten er-
streckt, wobei das Lumen des Formstückes sich in-
nerhalb des Belastungshilfabschnittes erstreckt und
der Belastungshilfeabschnitt so groß ist, dass er zwi-
schen den inneren Abschnitt des Leitungskörpers
und die Mehrzahl von Leitern des Leitungskörpers
passt, wenn der innere Abschnitt in dem Lumen des
Formstückes empfangen wird und jeder Leiter der
Mehrzahl von Leitern in der entsprechenden Leitung
des Formstückes empfangen wird.

11. Anordnung nach Anspruch 9, wobei:

das Übergangsformstück ferner einen Belas-
tungshilfeabschnitt (900) aufweist, der sich dis-
tal von den Nuten erstreckt, wobei der Belas-
tungshilfeabschnitt eine Mehrzahl von longitu-
dinalen Aussparungen (901-904) aufweist, wo-
bei jede Aussparung mit einer entsprechenden
Nut (711-714) ausgerichtet ist und sich davon
zu einem offenen Ende an einem distalen Ende
des Formstückes erstreckt;
das Lumen des Formstückes sich innerhalb des
Belastungshilfeabschnittes erstreckt; und
der Belastungshilfeabschnitt so groß ist, dass
er um den inneren Abschnitt des Leitungskör-
pers, die Mehrzahl von Leitern des Leitungskör-
pers und eine äußere Isolationsschicht des Lei-
tungskörpers passt, die mit der Mehrzahl von
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Leitern überlagert, wenn der innere Abschnitt in
dem Lumen empfangen wird und jeder Leiter
der Mehrzahl von Leitern in der entsprechenden
Nut über die entsprechende Aussparung emp-
fangen wird.

Revendications

1. Ensemble de connecteur pour une sonde électrique
médicale implantable, l’ensemble ayant un axe lon-
gitudinal central et un diamètre extérieur uniforme
conforme à une exigence d’appariement du connec-
teur avec un socle de connecteur d’un dispositif mé-
dical implantable, et l’ensemble comportant :

une pluralité de bagues de contact (211, 212,
213) s’étendant autour de l’axe longitudinal cen-
tral (2) et étant espacées les unes des autres le
long d’une longueur de l’ensemble, chacune des
bagues de contact ayant une surface intérieure
et une surface de contact extérieure, chaque
surface de contact extérieure définissant le dia-
mètre extérieur uniforme ;
une masse d’isolant (230) supportant la pluralité
de bagues de contact et isolant les bagues de
contact les unes des autres, la masse d’isolant
incluant une pluralité de surfaces d’étanchéité
(ss1 à ss4), chaque surface d’étanchéité défi-
nissant également le diamètre extérieur unifor-
me de l’ensemble, et caractérisé en ce que la
masse d’isolant inclut une tige (104), la tige dé-
finissant une extrémité distale de la masse d’iso-
lant, et la tige ayant un profil asymétrique, une
première surface d’étanchéité de la pluralité de
surfaces d’étanchéité s’étendant à partir d’une
extrémité proximale de la masse d’isolant jus-
qu’à une première bague de la pluralité de ba-
gues de contact, une seconde surface d’étan-
chéité de la pluralité de surfaces d’étanchéité
s’étendant entre la première bague de contact
et une deuxième bague de contact de la pluralité
de bagues de contact, et une troisième surface
d’étanchéité de la pluralité de surfaces d’étan-
chéité s’étendant distalement à partir de la
deuxième bague de contact ;
au moins une broche de conducteur (11, 12, 13,
14) s’étendant à l’intérieur de la masse d’isolant,
une extrémité distale de chaque broche de con-
ducteur faisant saillie distalement à partir de la
masse d’isolant et étant exposée à côté de la
tige de celle-ci, et une extrémité proximale d’une
première broche de conducteur de la au moins
une broche de conducteur étant couplée à la
surface intérieure de la première bague de
contact ; et
un noyau (240) s’étendant à l’intérieur de la mas-
se d’isolant, le noyau étant aligné le long de l’axe

longitudinal central de l’ensemble.

2. Ensemble selon la revendication 1, dans lequel la
tige de la masse d’isolant inclut une partie proximale
et une partie distale, la partie proximale étant définie
par une rainure externe (362) formée dans celle-ci,
la rainure s’étendant autour de l’axe longitudinal cen-
tral, et la partie distale étant définie par le profil asy-
métrique.

3. Ensemble selon l’une quelconque des revendica-
tions 1 et 2, dans lequel le noyau inclut une surface
extérieure à laquelle est couplée une extrémité proxi-
male d’une deuxième broche de conducteur de la
au moins une broche de conducteur.

4. Ensemble selon l’une quelconque des revendica-
tions 1 à 3, dans lequel la deuxième broche de con-
ducteur a un coude formé dans celle-ci, le coude
étant situé entre l’extrémité proximale de la deuxiè-
me broche de conducteur et un reste de celui-ci de
telle sorte que le reste est espacé vers l’extérieur
par rapport à la surface extérieure du noyau.

5. Ensemble selon l’une quelconque des revendica-
tions 1 à 4, comportant en outre une broche de con-
necteur de borne (110) couplée au noyau et faisant
saillie proximalement depuis l’extrémité proximale
de la masse d’isolant.

6. Ensemble selon l’une quelconque des revendica-
tions 1 à 5, dans lequel la au moins une broche de
conducteur comporte une pluralité de broches de
conducteur, les extrémités distales de la pluralité de
broches de conducteur étant espacées les unes des
autres et espacées de manière approximativement
équidistante de l’axe longitudinal central.

7. Ensemble selon la revendication 6, dans lequel :

la pluralité de broches de conducteur inclut la
première broche de conducteur (11), une
deuxième broche de conducteur (12) et une troi-
sième broche de conducteur (13) ; et
la pluralité de bagues de contact inclut les pre-
mière et deuxième bagues de contact et une
troisième bague de contact, une extrémité proxi-
male de la deuxième broche de conducteur
étant couplée à la surface intérieure de la
deuxième bague de contact, et une extrémité
proximale de la troisième broche de conducteur
étant couplée à la surface intérieure de la troi-
sième bague de contact.

8. Ensemble selon la revendication 7, dans lequel le
noyau inclut une surface extérieure à laquelle est
couplée une extrémité proximale d’une quatrième
broche de conducteur parmi la pluralité de broches
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de conducteur.

9. Ensemble selon la revendication 6, comportant en
outre :

un raccord de transition (730) assemblé à la tige
de la masse d’isolant, le raccord comportant une
lumière et au moins deux rainures périphériques
(711, 712, 713, 714), la lumière étant dimension-
née pour recevoir une partie intérieure d’un
corps de la sonde ; et
dans lequel chaque rainure du raccord de tran-
sition supporte l’extrémité distale d’une broche
de conducteur correspondante de la pluralité de
broches de conducteur ; et
chaque rainure du raccord de transition est di-
mensionnée pour recevoir un conducteur cor-
respondant d’une pluralité de conducteurs du
corps de la sonde, de telle sorte que chaque
broche de conducteur de l’ensemble peut être
couplée au conducteur de sonde correspondant
à l’intérieur de la rainure correspondante, lors-
que la partie intérieure du corps de sonde est
reçue dans la lumière du raccord.

10. Ensemble selon la revendication 9, dans lequel le
raccord de transition comporte en outre une partie
de détente de contraintes (900) s’étendant distale-
ment par rapport aux rainures, la lumière du raccord
s’étendant à l’intérieur de la partie de détente de con-
traintes, et la partie de détente de contraintes étant
dimensionnée pour s’insérer entre la partie intérieu-
re du corps de sonde et la pluralité de conducteurs
du corps de sonde, lorsque la partie intérieure est
reçue dans la lumière du raccord, et chaque conduc-
teur de la pluralité de conducteurs est reçu dans la
rainure correspondante du raccord.

11. Ensemble selon la revendication 9, dans lequel :

le raccord de transition comporte en outre une
partie de de détente de contraintes (900) s’éten-
dant distalement par rapport aux rainures, la
partie de détente de contraintes incluant une
pluralité de fentes longitudinales (901 à 904),
chaque fente étant alignée avec une rainure cor-
respondant (711 à 714) et s’étendant à partir de
celle-ci jusqu’à une extrémité ouverte à une ex-
trémité distale du raccord ;
la lumière du raccord s’étend à l’intérieur de la
partie de détente de contraintes ; et
la partie de détente de contraintes est dimen-
sionnée pour s’adapter autour de la partie inté-
rieure du corps de sonde, de la pluralité de con-
ducteurs du corps de sonde et d’une couche
d’isolation extérieure du corps de sonde, qui re-
couvre la pluralité de conducteurs, lorsque la
partie intérieure est reçue dans la lumière, et

chaque conducteur de la pluralité de conduc-
teurs est reçu dans la rainure correspondante,
via la fente correspondante.
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